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Abstract  
Shahid Abbas pour Dam is located at a distance of about 50 kilometers from Masjed 
Soleiman and a distance of about 150 km North East of Ahwaz. Flood disposal systems and energy 
dissipation in the construction of a dam are built to prevent flood damage and water depletion in 
excess of the capacity of dam reservoir. In bucket thrower, water flow reaches the ground bed in 
front of the structure after passing through the edge of the bucket and the formation of a parabolic 
curve. Although high-speed flow is associated with energy loss; but due to the collision speed and 
energy bed erosion and creating a scour hole will be possible. That's why 20 equations were 
provided to determine Scour depth of the spillway coastal martyr of Shahid Abbas pour Dam; was 
modeled by Mike software; was coded by Matlab software and was compared with the current 
situation. The results showed the following equations were introduced as the prior equations to 
estimate the scour depth in the research range of the present study: 1. National Institute of Science 
and Technology Laboratory of the French hydraulic; 2-Mason; 3- The organization of study and 
development of electrical equipment in France. These equations are highly adapted to the existing 
scour according to local circumstances and information available from the region.  
Keywords: Shahid Abbas pour Dam, scour depth, High energy flow, and bucket thrower. 
Introduction  
Although there is a long history in the field of hydraulic scour; however, due to the 
complicated mechanisms and the variety of the effective parameters it has been considered by 
hydraulic scientists and river engineers. Several studies have been conducted by different 
researchers over several decades, to assess the scour and different equations were also presented that 
the basis of the studies were laboratory work, field observations and modeling by software. The aim 
of this study was to obtain the most appropriate equation to determine Scour depth in the spillway 
coastal of Shahid Abbas pour Dam in a way that is most adapted to the conditions of the study area. 
Mahboobi (1996) studied the effect of the diameter of the material on the scour caused by free 
falling jets. He carried out a test by the use of four material sizes of 1.75, 2.15, 7 and 11 mm and two 
flow rates of 10 and 15 liters per second in the unit of overflow width and three falling height of 60, 
45, and 75 cm and it was seen that there was a good correlation between the results of the Kotlas 
equation and observed values of his laboratory (Mahboobi, 1996). 
D ൌ 0.78 ୯బ.ళబୌబ.యఱୢబ.రబ                                                                                                                    (1) Azar (1998) carried out experiments to obtain the maximum depth of scour by conducting a 
series of experiments on a free falling overflow and using materials with steady grading with four 
different materials with a diameter of 5.9, 2, 8, and 15.6 mm, four flow rates of 5, 10, 15, and 20 
liters per second, falling height between 26 to 51cm and five different coastal depth of 5, 10, 15, 20, 
and 25 cm. The results of his study showed that by increasing the flow rate and coastal depth, the 
scour depth measured from the coastal area increases, but Scour depth decreases with increasing the 
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diameter of materials (Azar Faradonbeh, 1998). Daemi, Amanian, and Zarati (1997) studied the 
effect of materials diameter, jet falling height, flow rate in the unit of overflow width and coastal 
depth in water scour caused by free falling jets and the results of their studied are as follow: 
Each empirical equation is limited to a range of parameters, if they are used outside of the 
desired range, the results cannot be trusted (Daemi, Amanian, and Zarati, 1997)). 
Asadi Saryazdi (1998) carried out experiments to determine the effect of bucket thrower 
radius on the Scour depth in downstream of the bucket shape. The results showed that the maximum 
Scour depth decreases with increasing radius Bucket (Asadi Saryazdi, 1998). 
Azematolah et al. (2005) using three separate laboratory data series that two series were the 
results of the studies of India Research Center on the hydraulic model and the third series of data are 
from laboratory studies on hydraulic model done in Research Center of Water and Watershed of 
Agriculture in collaboration with the University and Tarbiat Modarres by Asadi Saryazdi in 1998 
and using the method statistical regression, presented correlation to estimate Scour depth 
downstream of the overflow (Azematolah et al. 2006).  
Azematolah et al. (2006) by collecting field data associated with scour in downstream of 
overflow bucket shape used a neural network algorithm after error propagation and transfer function 
of Sigmoid. Range of field data used by them is presented in the table below. 
Table 1: Scope of the parameters used to estimate the Scour depth by Azematolah et al. (2006) 
They stated that the advantage of field data represents actual conditions governing the issue 
and have not been achieved as laboratory data in the laboratory under controlled conditions 
(Azematolah et al. 2006). 
Materials and methods 
Water flow after passing shots gets to the edge of the overflowing bucket and is thrown into 
the air by the rotational acceleration and finally, after passing a distance dependent on the 
characteristics of flow, bucket and wind conditions in the site, reaches with the landing basin of 
downstream of dam.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: A view of the topography of the riverbed in the landing basin 
Mean Max Min parameters 
56.79 275 1.8   qሺmଷ/s/mሻ 
62.29 220 1 Hሺmሻ 
25.16 88 2.4 Dୱሺmሻ 
Overflow 
Most scour depth 
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Based on topographic maps of river bed in landing basin done by Khuzestan Water and 
Electricity Organization in 1991 and by the Water Research Center of the Ministry of Energy in 
1993 by the method of bathymetric and for total output rate of openings, about 348 m above sea 
level was determined. In Figure 1 a view of the topography of the riverbed in the landing basin was 
shown. 
In Figure 2 the floods drain from overflow for output rate of 1500 cubic meters per second 
from the total of three spans are impressive. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Flood drain from bucket thrower of overflow Shahid Abbas pour Dam 
 for flow rate of 1500 (m3 / s) 
To determine the water level and depth of coastal waters based on the outflow from the dam 
it is needed to develop a mathematical model (the model MIKE 11). After making the model 
according to boundary conditions that will be described below, the flow rate and water level 
downstream are determined. Then a program is written in the programming language of MATLAB 
and all scour equations discussed and their necessary parameters in the period of 2003 to2011 were 
coded in the program condition. In the following, by comparing the calculated scour values with 
their measured values, the prior equations to evaluate the scour depth in overflow coastal of Shahid 
Abbas pour Dam are determined. After determining more accurate equations the values of scour for 
floods with a return period of 2 years up to 1000 years are predicted.  
Statistics and information available 
The rate of outflow from dam includes the output from overflow, power plant and water 
level of the dam reservoir measured by the Khuzestan Water and Power Organization. Historical 
records examined by Lemingraph and the total outflow from dam would introduce changes in the 
flow - the dam coastal stage. Due to frequent changes in the topography of the coastal of Shahid 
Abbas pour Dam and creating erosion and sedimentation in coastal, statistics taken from the start of 
the operation as well as the coastal flow rate has been changed a lot. Therefore, the statistics are not 
reliable data and coastal cross sections should be taken and by providing the mathematical models of 
coastal flow rate in current and desired situation should be estimated. 
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Information needed for Modeling 
To do hydraulic modeling with each mathematical model and the following data and 
information should be provided for the model: 
 The river pathway and cross sections; 
 River hydraulic simulation with mathematical models; 
 Hydraulic information including roughness coefficient (calibration) and solving the 
governing equations; 
 Boundary conditions. 
The river pathway and cross sections 
The river was inspected several times and reaches a length of river about 2650 m from dam 
downstream to the downstream of Pole Par Khadijeh bridge was taken as sample. The number of 
points obtained during this period was 34, spaced 50 to 150 m from each other. In figure 3 a view of 
the field visit from coastal overflow was shown and figure 4 shows the cross sections from plan and 
cross-sectional view of the river. 
 
Figure 3: A view of the field visit from coastal overflow of Shahid Abbas pour Dam 
 Figure 4: Location of plan and cross section of Karoon River in downstream  
of Shahid Abbaspour Dam 
River hydraulic simulation with mathematical model of MIKE 11 
By drawing the plan of the river pathway, its overall shape with Zigzags to model is 
introduced. The river pathway to introduce the mathematical model is constructed in such a way that 
as far as possible crosses the sections from the thalweg sections between the cross sections from the 
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river center. A view from the model made in the environment of MIKE 11 program was shown in 
figure 5. The Place of coastal sections (sections No. 27) is shown in the figure. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: A view from the model made in the environment of MIKE 11 program 
Hydraulic information  
Statistics of flow rate of reservoir echelon  
Statistics include outflow rate from dam’s overflow and the same echelon in the reservoir of 
dam. 
Calibration of mathematics model –estimating the roughness coefficient of the river 
The most important hydraulic parameter to calibrate one-dimensional mathematical model of 
the hydraulic of the river is the river roughness coefficient at different intervals. This coefficient is a 
definition of resistance, roughness and geometry of the sides of the river and its materials and the 
characteristics of the flow and its changes. Due to construction materials of Karoon River at this 
point, and based on the tables provided by Mr. Chow, Manning coefficient of 0.03 to 0.05 was 
introduced as the primary Manning coefficients of the model. After reviewing the results the 
coefficient of 0.035 was selected as the most appropriate roughness coefficient. 
Boundary conditions 
In the boundary of upstream outflow of the dam (including outflow in the statistical period of 
2003 to 2011 and a return period of 2 to 1000 years) was introduced to the model. In the boundary 
of downstream the reservoir of Masjid Suleiman Dam was located which the two modes include 
normal level of Masjed Soleiman Dam (to 372 m) and a minimum level of operation (to 363 m) 
were used. 
Introducing the MATLAB programming language 
MATLAB is a powerful software program for students and researchers in the fields of math 
and engineering that its first versions were performed in the University of New Mexico and Stanford 
in 1970 to solve the problems of matrix theory, linear algebra and numerical analysis. In Figure (6) a 
view of the main window of the written program is displayed. 
 
Lowest 
 Highest 
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Figure 6: The main window of the program written in MATLAB 
Equations examined in determining the scour depth in the overflow coastal  
Equations examined in determining the scour depth in the study are as follow:  
These equations have been developed based on studies by individuals and institutions. Below 
any equations its function in the MATLAB programming environment is shown. In Table 2 some 
equations were defined to predict the maximum scour  
Table 2 some equations were defined to predict the maximum scour 
Researcher  Equation  Researcher Equation 
Shokelij 32.0902.057.0521.0 dHqD Chi and Padir 1.02.06.0663.1 mdHqD 
A Veronos 42.0225.054.0202.0 mdHqDBisaz and Tishop 9025.05.076.2 dHqD   
B Veronos 225.054.09.1 HqD Chi and Koung 1.02.06.0663.1 mdHqD 
Agenberger 4.0905.06.044.1 dHqD B Martinez 1.06.05.1 HqD   
Hartong 32.08536.064.044.1 dHqD Tarimovic 25.067.0663.0 HqD   
Feranki 5.0905.067.013.1 dHqD Macado 0645.0903145.05.035.1 dHqD   
Damel (A) 5.05.0652.0 HqD Soferlek 1.06.030.2 HqD   
Damel (B) 5.05.0543.0 HqD Damel (C) 5.05.0362.0 HqD   
Azematolah 196.0
196.0
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development of electrical 
equipment in France 
ܦ ൌ 2.3ݍ଴.଺ܪ଴.ଵ 
National Institute of Science and 
Technology Laboratory of the 
French hydraulic 
ܦ ൌ 1.413ݍ଴.ହܪ଴.ଶହ 
Mason 1.0903.015.005.06.0 /27.3 dgYHqD T  For prototype d=0.25  وfor model50d= d 
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The algorithm of solving the problem in MATLAB 
In short, the algorithm of written program is as follows: 
1. Defining constant values in program; 
2. Reading input data From the Microsoft Excel environment; 
3. Defining each equation as the function in MATLAB by applying abbreviated name for any 
relationship; 
4. Measuring Scour depth for each equation and saving the output results in a matrix 
associated with each connection; 
5. Scoring each matrix through calculating the scattering data of its matrix in relation to the 
current situation; 
6. The sum of all the scores given to each equation; 
7. Sorting equations based on the scores given to the highest to the lowest rate; 
8. Printing the scoring file for each equation in Microsoft Excel environment; 
9. Printing the measured values for each equation (output matrix) in Microsoft Excel 
environment. 
Results and discussion 
As it was mentioned to determine the coastal depth for the statistical periods of 2003 to 2011 
and also the period of return of 2 to 1000 years the mathematics model of MIKE 11was used. 
Accordingly the depth and water level of coastal for two boundary conditions of downstream 
(normal level and minimum Masjid Suleiman Dam) were determined. A sample of the water level 
profile along the river pathway was displayed in figure (7), and flow rate –echelon of coastal was 
displayed in figure (8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: The longitudinal profiles of water level for the flood in 2005 in terms of the normal 
level of Masjid Suleiman 
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Figure 8: flow rate –echelon of coastal 
After the implementation of the mathematical model the needed parameters to measure the 
scour depth from its output were extracted and categorized then some programs in the environment 
of MATLAB programming language has been developed to determine the best equations.  
Table 3: the sum of scores of each equation in the form of the reservoir water level difference 
with normal and minimum level of coastal 
the sum of scores of each equation in the form of the 
reservoir water level difference with minimum level 
of coastal 
the sum of scores of each equation in the form 
of the reservoir water level difference with 
normal level of coastal 
NoEquation of estimating scour depth Sum of 
score 
from 102
NoEquation of estimating scour 
depth 
Sum of 
score 
from 102 
1
National Institute of Science and 
Technology Laboratory of the French 
hydraulic 
750 1
National Institute of Science and 
Technology Laboratory of the 
French hydraulic 
750 
2Mason 680 2Mason 680 
3
organization of study and development 
of electrical equipment in France 675 3
organization of study and 
development of electrical 
equipment in France 
676 
4Damel (C) 659 4Damel (C) 659 
5Tarimovic 562 5Tarimovic 561 
6B Martinez 540 6B Veronos 540 
7B Veronos 540 7B Martinez 539 
8Damel (B) 525 8Damel (B) 533 
9Azematolah et al. 523 9Azematolah et al. 523 
10Macado 512 10Macado 513 
11Chi and Koung 464 11Chi and Koung 465 
12Shokelij 414 12Shokelij 414 
13Damel (A) 383 13Damel (A) 386 
14A Veronos 245 14A Veronos 244 
15Chi and Padir 209 15Chi and Padir 208 
16Hartong 76 16Hartong 76 
17Bisaz and Tishop 52 17Bisaz and Tishop 53 
18Sterlchak 32 18Sterlchak 32 
19Feranki 13 19Agenberger 27 
20Agenberger 7 20Feranki 13 
366
368
370
372
374
376
378
0 2000 4000 6000
Me
ter
Cubic meters per second
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With regard to the allocation of scores for each of the equation of scour depth in MATLAB, 
in table 3 the total score of all equations in order for the reservoir water level difference with 
minimum level of coastal (boundary conditions of downstream of mathematical is equal to the 
minimum level of the model of Masjid Suleiman Dam) and the reservoir water level difference with 
normal level of coastal (boundary conditions of downstream of mathematical is equal to the normal 
level of the model of Masjid Suleiman Dam)  are arranged in descending order and compared and 
then the prior equations of scour depth are introduced. In fact, as mentioned in the previous section 
in scoring way, the highest score for each element of the matrix in each equation of scour depth is 
10. Given that the total number of data (total data surveyed from 2003 to 2011) for each equation of 
scour was 102, therefore, the sum of the possible highest scores for each equation is 102. 
In Figure 9, for instance, the comparison between the equations of estimating the scour depth 
with the current situation in 2014 is shown. 
 Figure 9: comparing the estimates of scour depth of each equation with current situation 
Finally, using the prior equations obtained (National Institute of Science and Technology 
Laboratory of the French hydraulic, Mason, and organization of study and development of electrical 
equipment in France), the scour depth in the coastal of Shahid Abbas pour Dam for 2 to 1000-year 
return periods ) is calculated and determined like table (4), (5) and (6) 
Table 4: the scour depth of coastal for the equation of National Institute of Science and 
Technology Laboratory of the French hydraulic (USBR) 
Return period 2 5 10 20 25 50 100 200 500 1000 
Downstream in minimum 
levels 
52.50 62.28 62.88 63.12 63.17 63.21 63.74 72.64 73.60 82.44 
Downstream in normal levels 51.96 62.18 62.79 63.03 63.07 63.11 63.65 72.64 73.49 82.32 
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Table 5: the scour depth of coastal for the equation of organization of study and development 
of electrical equipment in France 
Return period 2 5 10 20 25 50 100 200 500 1000 
Downstream in minimum levels 96.13 94.63 80.81 80.54 80.52 80.50 80.38 79.62 64.18 110.22
Downstream in normal levels 96.07 94.63 80.77 80.49 80.47 80.45 80.33 79.56 64.13 110.16
Table 6: the scour depth of coastal for the equation of Mason 
Return period 2 5 10 20 25 50 100 200 500 1000 
Downstream in minimum 
levels 
93.44 91.94 78.12 77.99 77.98 77.97 77.19 77.19 61.92 107.63
Downstream in normal 
levels 
93.84 91.66 78.47 78.34 78.33 78.32 78.26 77.55 62.26 108.08
Conclusion  
After finishing the above stages and allocating the scores for each of the equation of scour 
depth in MATLAB, the total score of all equations in order for the reservoir water level difference 
with minimum level of coastal (boundary conditions of downstream of mathematical is equal to the 
minimum level of the model of Masjid Suleiman Dam) and the reservoir water level difference with 
normal level of coastal (boundary conditions of downstream of mathematical is equal to the normal 
level of the model of Masjid Suleiman Dam)  are arranged in descending order and compared and 
then the prior equations of scour depth are introduced. In fact, as mentioned in the previous section 
in scoring way, the highest score for each element of the matrix in each equation of scour depth is 
10. Given that the total number of data (total data surveyed from 2003 to 2011) for each equation of 
scour was 102, therefore, the sum of the possible highest scores for each equation is 102. The 
following equations are in order introduced as the prior equations of estimating the scour depth in 
the period of the current study: 
1. National Institute of Science and Technology Laboratory of the French hydraulic 
2. Mason 
3. organization of study and development of electrical equipment in France 
The equations according to local circumstances and information available from the region 
are highly adapted to the existing scour. 
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